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Abstract
In the normal one-temperature plasma the motion of ions is neglected
when calculating the Bremsstrahlung radiation of the plasma. Here we
calculate the Bremsstrahlung radiation of a two-temperature plasma by
taking into account of the motion of ions. Our results show that the
total radiation power is always lower if the motion of ions is considered.
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1. Introduction
In a plasma, electrons are constantly accelerated during their colli-
sions with ions, leading to Bremsstrahlung radiation. Usually, when
calculating the radiation power of a plasma, the motion of ions is ne-
glected, because the ion’s mass is much higher than the electron mass.
However the motion of ions may not be neglected if the ion temperature
is much higher than that of electrons, such as in the ADAF model, in
which the temperature of ions ( 1011 k) may be much higher than that
of electrons (108  109 k) (Narayan & Yi, 1995). Under such condi-
tion, the velocities of ions are comparable to or even higher than that of
electrons. Therefore the motion of ions must be taken into account for
calculating the thermal Bremsstrahlung radiation of a two-temperature
plasma.
In this calculation, we use the non-relativity approximation and also
make some other simplification. We find that the radiation power is
reduced significantly if the ion temperature is much higher than the
electrons temperature.
1
22. Thermal Bremsstrahlung Radiation
We begin by considering an individual scattering event between an
electron and an ion in which an electron with a velocity v and an impact
parameter b is scattered by an ion. Then the radiation power emitted










where NZ is the number density of ions. Integrating it over all electrons
and assuming the electrons follow Maxwellian velocity distribution, we



















where Ne is the number density of electrons.
3. Two-Temperature Bremsstrahlung Radiation
Assuming that the temperature of ions and electrons are TZ and Te
respectively, we still begin by considering an individual scattering event,





where v is the relative velocity between the ion and the electron
v = (v2e + v
2
Z − 2vevZ cos θ)1/2.








Assuming that the ions and electrons all follow Maxwellian velocity dis-
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4. Results
First we can see that if we take vz = 0, Te = TZ = T in equation 5,
equation 5 will be equal to equation 2. Then we make numerical cal-
culations of the two-temperature plasma radiation; we assume that the
ions are all protons. The results are shown in figures 1 and 2.
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Figure 1. The specific emissiv-
ity of the one-temperature and two-
temperature Bremsstrahlung radia-
tion. Te = 10
9k. If TZ =
1833Te, corresponding to the same
the average velocities of ions and
electrons, the radiation power of the
two-temperature Bremsstrahlung ra-
diation is about 67% of the one-
temperature Bremsstrahlung radia-
tion.
Figure 2. The ratio between the two
types of radiation power (P2/P1) as
a function of the ratio between the
ion temperature to the electron tem-
perature (TZ/Te). If TZ/Te is less
than 100, P2/P1 is very close to unity.
When TZ/Te is more than 1000, the
difference between P2 and P1 becomes
significant.
In summary, our results show that the two-temperature Bremsstrahlung
radiation power is significantly lower than the one-temperature
Bremsstrahlung radiation if the ion temperature is more than 1000Te.
Therefore thermal Bremsstrahlung radiation should be modified for a
two-temperature plasma.
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